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(57) ABSTRACT

The present invention provides a method for preventing the
forming of cracks and slowing the crack propagation in
metallic airplane structural parts by laser shock peening with
the following steps: Providing an airplane structural part hav-
ing a crack; irradiating a first surface area of the airplane
structural part close to the crack with a first pulsed laser beam
having a first wavelength and a first pulsation frequency,
wherein energy of the first laser beam is absorbed by the
airplane structural part and a shock wave runs through the
airplane structural part, which creates compressive prestress-
ings in the airplane structural part.
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1
METHOD FOR PREVENTING CRACK
FORMATION AND FOR SLOWING DOWN
THE ADVANCEMENT OF A CRACK IN
METAL AIRCRAFT STRUCTURES BY
MEANS OF LASER SHOCK RAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims priority to
PCT International Application No. PCT/EP2009/065931
filed Nov. 26, 2009, which claims the benefit of and priority to
U.S. Provisional Application No. 61/120,158, filed Dec. 5,
2008 and German Patent Application No. 102008 044 407 .3,
filed Dec. 5, 2008, the entire disclosures of which are herein
incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a method for preventing
crack formation and for slowing down the advancement of a
crack in metal aircraft structures.

Cracks in aircraft structures are usually attributed to a
weakening of material due to static or dynamic mechanical
stresses. In particular, material fatigue results from vibration
stresses. Cracks are regarded as serious damage to the aircraft
structure and require immediate repair measures. The men-
tioned cracks are the result of normal flight operation.

In addition, the formation and progression of a crack can
occur as the result of accidental damage to an aircraft struc-
ture in the form of scratches during faulty maintenance work.
Scratches often occur during the maintenance of rivet con-
nections which join two metal sheets arranged in the lap joint.
The rivet connections are opened for maintenance purposes
and, before the new rivet connections are made, a corrosion
protection means or an adhesive paste is introduced between
the metal sheets in the lap joint. After maintenance, the rivet
connections are re-closed and, in so doing, some of the adhe-
sive paste is pressed out of the overlap region. Later on, the
surplus protruding paste is removed by the maintenance crew,
for example using a blade. As a result, scratches in the metal
sheets are often produced in the vicinity of the lap joints.

Such accidental damage is the starting point of a subse-
quent crack formation or subsequent advancement of the
crack. Thus it is expedient to make good damage of this type
by repair measures in order to ensure a desirable degree of
flight safety.

Conventionally, cracks are repaired during maintenance in
that the entire region in which cracks have formed is cut out
and replaced by new material which is inserted therein or
arranged thereover. In the case of scratches where it is
expected that cracks will form emanating from said scratches,
the repair procedure is presently carried out in the same
manner as for the repair of cracks. Present repair methods
have disadvantages. On the one hand, the replacement of
wing unit regions is time-consuming and entails increased
repair and operating costs. The replacement regions are also
weak points particularly in respect of a homogeneous con-
tinuous material strength. Consequently, the repaired regions
afford only a reduced strength in respect of new crack forma-
tion.

The problems which have been described occur particu-
larly in the case of aluminium-based alloys, but also occur to
a lesser extent in titanium alloys.

It is known to treat material regions which are susceptible
to crack formation with laser shock irradiation (laser shock
hardening, laser shock treatment or laser shock hammering)
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before they are used. Laser shock irradiation is a method for
producing a region of low compressive residual stresses in
that the surface of a workpiece is treated using laser shock
beams. Laser shock irradiation usually uses radiation pulses
from high-power pulsed lasers to transfer impulse waves or
shock waves onto the surface of a workpiece. The pulsed laser
beam, impacting the surface of the component, from the laser
beam source generates a strong local compressive force on a
portion of the surface. A plasma is produced at the impact
point of the laser beam due to a sudden stripping or evapora-
tion of a thin layer of this surface or of a coating (for example
a strip or a coat of paint), as a result of which an explosive
force is generated. The pressure pulse from the rapidly
spreading plasma releases a shock wave which drifts into the
object. This compressive shock wave caused by the laser
pulse produces deep plastic compressive deformations in the
component. These plastic deformations produce compressive
residual stresses in the material. Laser shock irradiation is
described in U.S. Pat. No. 3,850,698 entitled “Altering Mate-
rial Properties” and in U.S. Pat. No. 4,401,477 entitled “Laser
Shock Processing”. In laser shock irradiation, a strong local
compressive force is transferred to part of the workpiece
surface. Laser shock irradiation is used to produce a compres-
sion-stressed protective layer on the outer surface of a work-
piece, thereby substantially increasing the resistance of the
workpieceto fatigue fracture. This application is described in,
for example U.S. Pat. No. 4,937,421, entitled “Laser Peening
System and Method”.

A general treatment in advance of regions fraught with risk
in respect of crack formation, for example by laser shock
irradiation, is cost-intensive. The damage in the form of
scratches only occurs locally in specific places, as described
above. Only in the regions surrounding these damaged areas
is treatment necessary in respect of crack prevention.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention is to provide
a method by which it is possible to reduce crack formation on
structural parts of aircraft which exhibit damage in the form
of scratches and to slow down the progression of the crack.
The method is to allow the damaged regions to be treated and
at the same time to cause only the least possible weakening of
the regions surrounding the damage. Furthermore, the surface
is to be roughened as little as possible by the method. In
addition, crack formation and advancement of the crack is to
be prevented and slowed down in a particularly economical
manner.

This object is achieved according to the invention by a
method for preventing crack formation and for slowing down
the advancement of a crack in metal aircraft structures by
means of laser shock irradiation.

For the method for preventing crack formation and for
slowing down the advancement of a crack in metal aircraft
structures by means of laser shock, irradiation, a structural
part of an aircraft which has a damaged area is provided in a
first step.

Since the aircraft structural part is subsequently irradiated
by high-energy laser beams, it is preferably provided in a
shielded region to prevent damage to the periphery by the
laser beams. For this purpose, the surface to be irradiated is
preferably shielded locally, since on the one hand shielding
the entire aircraft is complex due to its size and on the other
hand sensitive parts of the aircraft, for example the engines,
must be protected from laser beams. For this, the aircraft can
either be brought under an appropriate stationary shielding in
ahangar, for example, or can be shielded by a shielding device
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which can be used in a mobile fashion. The advantage of these
variants is that the component which exhibits the damaged
area does not have to be dismantled, which implies a consid-
erable effort and carries the risk of renewed damage.

In a subsequent method step, a first superficial region of the
aircraft structural part is irradiated near the damaged area by
means of a first pulsed laser beam of a first wavelength and a
first pulse frequency, energy from the first laser beam being
absorbed by the aircraft structural part and a pressure wave
passes through the aircraft structural part which generates
compressive prestresses in said aircraft structural part.

The pulsed laser beam, impacting on the component sur-
face, from the laser beam source generates a strong local
compressive force on a portion of the surface. A plasma is
produced at the impact point of the laser beam due to a sudden
stripping or evaporation of a thin layer of this surface or of a
coating (for example a strip or a coat of paint), as a result of
which an explosive force is generated. The pressure pulse
from the rapidly spreading plasma releases a shock wave
which drifts into the object. This compressive shock wave
caused by the laser pulse produces deep plastic compressive
deformations in the component. These plastic deformations
produce compressive residual stresses in the material. The
idea on which the present invention is based is that the for-
mation and progression of cracks in aircraft structures in
regions adjoining a damaged area, for example a scratch, are
substantially reduced in that such deeply penetrating com-
pressive stresses are introduced into the aluminium-based
alloys. Consequently, it is possible to effectively achieve an
improvement in stability around a damaged area without
replacing the component concerned. For example, with the
method according to the invention, if the surface of the air-
craft structural part is accidentally damaged during mainte-
nance, the laser shock irradiation around the scratched region
can prevent the scratches from causing fatigue cracks when
the aircraft structural part is subjected to a dynamic perma-
nent load.

To prevent the formation and progression of a crack, criti-
cal regions which are expected to be exposed to external
superficial effects which cause damaged areas can be treated
according to the invention by laser shock irradiation even
during the manufacture of the aircraft, thereby increasing the
fatigue strength of these regions.

The advantages of using laser shock beams to improve the
fatigue strength of specific structural regions and of treating
scratched regions are as follows: the maintenance intervals in
respect of the strength of the wing unit can be increased.
Consequently, operating costs can be reduced. Aircraft
immobilisation time on the ground during maintenance can
be reduced by the simple repair of scratches. Flight safety and
thus the safety of the passengers can be increased by the
improved characteristics of the wing units.

Advantageous embodiments and improvements of the
invention are provided in the subclaims.

According to a preferred development of the method
according to the invention, the first superficial region treated
by laser shock beams completely surrounds the damaged
area. This prevents the crack from advancing out of the dam-
aged area in all directions. In the case of a damaged area on
the edge of the aircraft structural part, the superficial region
treated by laser shock beams can particularly preferably
extend between the damaged area and important structural
regions of the component, and thus can form a blockade to the
advance of the crack in a specific direction to prevent the
crack from spreading into specific regions of the component.

According to a preferred development of the method
according to the invention, after a first laser shock irradiation,
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the first superficial region is shock-irradiated by a second
laser beam which has a different wavelength and/or a differ-
ent pulse frequency than the first laser beam. A desired change
in the material characteristics can be adjusted very precisely
by the combined treatment using two different laser beams.
Thus, the wavelength of the laser and the pulse frequency can
beused to adjust the type of compressive residual stresses and
the depth thereof in the material as well as the influencing of
the component surface.

According to a preferred development of the method
according to the invention, a second superficial region close
to the first superficial region is treated by a second laser beam
of a second wavelength and a second pulse frequency. This
second superficial region is preferably arranged such that it
surrounds the first superficial region. In this respect, difterent
compressive prestresses can be formed in the component
material under the second superficial region compared to in
the component material under the first superficial region.
Consequently, by means of the altered characteristics in the
material under the second superficial region, it is possible to
prevent cracks which have formed through the first superficial
region from developing further.

According to a preferred development of the method
according to the invention, the power of the first laser beam is
varied as a function of the distance of the impact point of the
first laser on the first surface from the damaged area. By
means of this configuration of the method according to the
invention, the compressive prestresses in the aircraft struc-
tural component can be generated in a scaled manner as a
function of the distance from the damaged area. The compo-
nent produced thus has a compressive prestress gradient
which can preferably increase towards the damaged area or
also away from it. The gradual transition from the component
material treated by laser shock beams to untreated component
material allows an improved endurance strength of the com-
ponent.

According to a preferred development of the method
according to the invention, after the laser shock irradiation,
the damaged area is provided with a coating based on plastics
material. This coating can seal the damaged area and thus
prevent moisture from penetrating inside the damaged area.
Consequently, corrosion resistance can be improved, particu-
larly if a superficial coating was damaged by the damaged
area. An anodising procedure can preferably also be carried
out.

According to a preferred development of the method
according to the invention, after the laser shock irradiation,
the respective superficial region can be machined. Due to the
laser treatment, a roughening of the surface of the component
in the region irradiated by the laser often results. It is advan-
tageous here to obtain a smoothed surface. For this purpose,
the lasered superficial region is particularly preferably
ground, preferably polished or irradiated.

According to a preferred development of the method
according to the invention, with laser shock irradiation, the
laser beam is guided in a continuous path during irradiation,
the position of the damaged area being detected by optical
sensor technology and the laser beam being guided over the
aircraft structural part such that a fixed distance from the
damaged area is observed. The sensor-guided continuous-
path control of the laser beam can adjust a precise distance
from the damaged area. The laser beam can be guided auto-
matically, for example substantially parallel to a linear
scratch. Thus, accidental irradiation of the damaged area
itself can be avoided, if this is not desired.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in more
detail on the basis of embodiments with reference to the
accompanying figures of the drawings.

FIG. 1 is a schematic sectional view of a rivet connection of
two structural parts of an aircraft;

FIG. 2 is a schematic sectional view of a laser shock irra-
diation of an aircraft structural part according to a first
embodiment;

FIG. 3 is a schematic sectional view of a laser shock irra-
diation of an aircraft structural part according to a second
embodiment.

DESCRIPTION OF EXEMPLAR EMBODIMENTS

Inthe figures, the same reference numerals denote the same
or functionally identical components, unless indicated other-
wise.

FIG. 1 is a schematic sectional view of a rivet connection 3
of two structural parts 1, 2 of an aircraft. A first aircraft
structural part 1 and a second aircraft structural part 2 are
positioned one above the other in the lap joint. They are held
together by rivet connections 3. In the first aircraft structural
part 1 is a damaged area 5, as can occur, for example as a
scratch when sealing paste which is squeezed out of the lap
joint is removed using a blade. In this case, the damaged area
5 is substantially linear and extends into the image plane.

FIG. 2 is a schematic sectional view of a laser shock irra-
diation of an aircraft structural part 1 according to a first
embodiment. Here, the aircraft structural part 1 is shown
without the second aircraft structural part 2 and without the
rivet connections 3. The damaged area 5 extends into the
image plane. A first laser beam 50 is directed onto the aircraft
structural part 1. The laser beam 50 impacts the aircraft struc-
tural part 1 at a point of impact 12. In this stage of the method,
the point of impact 12 is at a distance A from the damaged area
5. Inthe figure, the distance A is indicated by a vertical aid line
and two arrows.

FIG. 3 is a schematic sectional view of a laser shock irra-
diation of an aircraft structural part 1 according to a second
embodiment. Provided next to the damaged area 5 are a first
superficial region 10 and a second superficial region 20 of the
aircraft structural part 1 for a laser shock beam treatment. In
the illustrated stage of the method, a second laser beam 60 is
directed at the second superficial region 20 at a point of
impact 12. The laser is moved in a continuous path over the
second superficial region 20 and performs a laser shock irra-
diation. In this preferred embodiment, the laser shock irradia-
tion of the second superficial region 20 is performed in addi-
tion to the laser shock irradiation of the first superficial region
10. While the first superficial region was subjected to laser
shock irradiation by the first laser beam 50, a second laser
beam 60 is used for the second superficial region. In this
embodiment, the second laser beam 60 has different charac-
teristics compared to the first laser beam 50. Thus, in this case
the pulse frequency and light wavelength used of the second
laser beam differs from that of the first laser beam 50 in order
to produce different changes in the material characteristics in
the material regions under the first superficial region 10 and
the second superficial region 20. In any case, a plasma is
produced by the pulsed laser beam 60 at the point of impact 12
of'the laser beam 60 due to a sudden stripping or evaporation
of a thin layer of this surface or of a coating (for example a
strip or a coat of paint), as a result of which an explosive force
is generated. The pressure pulse from the rapidly spreading
plasma releases a shock wave which drifts into the object.
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This compressive shock wave caused by the laser pulse pro-
duces deep plastic compressive deformations in the compo-
nent. These plastic deformations produce compressive
residual stresses in the material which counteract the devel-
opment or spread of fatigue cracks. Thus, the method accord-
ing to the invention can effectively stabilise a damaged area
against the formation of fatigue cracks.

Although the present invention has been described here on
the basis of preferred embodiments, it is not restricted thereto,
but can be modified in many different ways.

LIST OF REFERENCE NUMERALS

1 aircraft structural part

5 damaged area

10 first superficial region
12 point of impact

20 second superficial region
50 first laser beam

60 second laser beam

A distance

The invention claimed is:

1. A method of repairing superficial damage to an aircraft
structural part for preventing crack formation and for slowing
down advancement of a crack in metal aircraft structures by
laser shock beams, comprising: (a) providing an aircraft
structural part which has a damaged area, the damaged area
being superficial damage comprising a scratch; (b) treating
the damaged aircraft structural part by laser shock irradiating
a first superficial region of the aircraft structural part close to
the damaged area with a first pulsed laser beam of a first
wavelength and a first pulse frequency, wherein the laser
shock irradiating is performed locally in a region of the
scratch, wherein energy from the first pulsed laser beam is
absorbed by the aircraft structural part, and wherein a pres-
sure wave passes through the aircraft structural part which
generates a compressive pre-stress in the aircraft structural
part in order to prevent crack formation and to slow down
advancement of a crack.

2. The method according to claim 1, wherein the first
superficial region completely surrounds the damaged area.

3. The method according to claim 1, wherein treating the
damaged aircraft structural part further comprises irradiating
the first superficial region with a second pulsed laser beam,
different than the first pulsed laser beam, the second pulsed
laser beam having a second wavelength and a second pulse
frequency, the second wavelength and the second pulse fre-
quency being different from the first wavelength and the first
pulse frequency.

4. The method according to claim 1, further comprising
treating a second superficial region close to the first superfi-
cial region using a second pulsed laser beam, different than
the first pulsed laser beam, the second pulsed laser beam
having a second wavelength and a second pulse frequency, the
second wavelength and the second pulse frequency being
different from the first wavelength and the first pulse fre-
quency.

5. The method according to claim 1, wherein the first
superficial region extends at a distance of less than 20 mm
from the damaged area.

6. The method according to claim 1, wherein a power of the
first pulsed laser beam varies as a function of a distance from
an impact point of the first pulsed laser beam on the first
surface to the damaged area.

7. The method according to claim 1, further comprising
providing the damaged area with a coating based on plastics
material.
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8. The method according to claim 1, further comprising
machining the first superficial region and/or the second super-
ficial region.

9. The method according to claim 1, wherein the first
pulsed laser beam is guided in a continuous path in the first
superficial region during irradiation, a position of the dam-
aged area being detected by optical sensor technology and the
first pulsed laser beam being guided over the aircraft struc-
tural part such that a fixed distance to the damaged area is
maintained.

10. The method according to claim 3, wherein the second
pulse frequency is at least 20% greater than or less than the
first pulse frequency.

11. The method according to claim 3, wherein the second
wavelength is at least 20% greater than or less than the first
wavelength.

12. The method according to claim 4, wherein the second
superficial region completely surrounds the first superficial
region.

13. The method according to claim 4, wherein the second
superficial region extends at a distance of less than 40 mm
from the damaged area.

14. The method according to claim 4, wherein the second
pulse frequency is at least 20% greater than or less than the
first pulse frequency.

15. The method according to claim 4, wherein the second
wavelength is at least 20% greater than or less than the first
wavelength.

16. The method according to claim 6, wherein the power of
the first pulsed laser beam increases with an increasing dis-
tance from the impact point of the first pulsed laser beam on
the first surface to the damaged area.

17. A method of repairing superficial damage to an aircraft
structural part for preventing crack formation and for slowing
down advancement of a crack in metal aircraft structures by
laser shock beams, the method comprising:

(a) providing an aircraft structural part which has a dam-

aged area; and

(b) treating the damaged aircraft structural part by laser

shock irradiating a first superficial region of the aircraft
structural part close to the damaged area with a first
pulsed laser beam of a first wavelength and a first pulse
frequency;

wherein treating the damaged aircraft structural part fur-

ther comprises irradiating the first superficial region
with a second pulsed laser beam, different than the first
pulsed laser beam, the second pulsed laser beam having
a second wavelength and a second pulse frequency, the
second wavelength and the second pulse frequency
being different from the first wavelength and the first
pulse frequency.

18. The method according to claim 17, wherein the dam-
aged area comprises a scratch.

19. The method according to claim 17, wherein the first
superficial region completely surrounds the damaged area.

20. The method according to claim 17, wherein the second
pulse frequency is at least 20% greater than or less than the
first pulse frequency.

21. The method according to claim 17, wherein the second
wavelength is at least 20% greater than or less than the first
wavelength.

22. The method according to claim 17, wherein the first
superficial region extends at a distance of less than 20 mm
from the damaged area.

23. The method according to claim 17, further comprising
providing the damaged area with a coating based on plastics
material.

10

15

20

25

30

35

40

45

50

55

60

65

8

24. The method according to claim 17, wherein energy
from the first pulsed laser beam is absorbed by the aircraft
structural part, and wherein a pressure wave passes through
the aircraft structural part which generates a compressive
pre-stress in the aircraft structural part in order to prevent
crack formation and to slow down advancement of a crack.

25. The method according to claim 17, wherein a power of
the first pulsed laser beam varies as a function of a distance
from an impact point of the first pulsed laser beam on the first
surface to the damaged area.

26. The method according to claim 25, wherein the power
of the first pulsed laser beam increases with an increasing
distance from the impact point of the first pulsed laser beam
on the first surface to the damaged area.

27. A method of repairing superficial damage to an aircraft
structural part for preventing crack formation and for slowing
down advancement of a crack in metal aircraft structures by
laser shock beams, the method comprising:

(a) providing an aircraft structural part which has a dam-

aged area;

(b) treating the damaged aircraft structural part by laser
shock irradiating a first superficial region of the aircraft
structural part close to the damaged area with a first
pulsed laser beam of a first wavelength and a first pulse
frequency; and

(c) treating a second superficial region close to the first
superficial region using a second pulsed laser beam,
different than the first pulsed laser beam, the second
pulsed laser beam having a second wavelength and a
second pulse frequency, the second wavelength and the
second pulse frequency being different from the first
wavelength and the first pulse frequency.

28. The method according to claim 27, wherein the dam-

aged area comprises a scratch.

29. The method according to claim 27, wherein the first
superficial region completely surrounds the damaged area.

30. The method according to claim 27, wherein energy
from the first pulsed laser beam is absorbed by the aircraft
structural part, and wherein a pressure wave passes through
the aircraft structural part which generates a compressive
pre-stress in the aircraft structural part in order to prevent
crack formation and to slow down advancement of a crack.

31. The method according to claim 27, wherein the second
superficial region completely surrounds the first superficial
region.

32. The method according to claim 27, wherein the second
superficial region extends at a distance of less than 40 mm
from the damaged area.

33. The method according to claim 27, wherein a power of
the first pulsed laser beam varies as a function of a distance
from an impact point of the first pulsed laser beam on the first
surface to the damaged area.

34. The method according to claim 33, wherein the power
of the first pulsed laser beam increases with an increasing
distance from the impact point of the first pulsed laser beam
on the first surface to the damaged area.

35. The method according to claim 27, further comprising
providing the damaged area with a coating based on plastics
material.

36. The method according to claim 27, further comprising
machining the first superficial region and/or the second super-
ficial region.

37. The method according to claim 27, wherein the first
pulsed laser beam is guided in a continuous path in the first
superficial region during irradiation, a position of the dam-
aged area being detected by optical sensor technology and the
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first pulsed laser beam being guided over the aircraft struc-
tural part such that a fixed distance to the damaged area is
maintained.

38. The method according to claim 27, wherein the second
pulse frequency is at least 20% greater than or less than the
first pulse frequency.

39. The method according to claim 27, wherein the second
wavelength is at least 20% greater than or less than the first
wavelength.
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